Near infrared (NIR) reflectance spectroscopy has been used for rapidly and reproducibly measuring the NIR spectra of mainstream smoke collected on Cambridge filter pads and quantifying the chemical composition from the spectral data.
city of sample preparation, multiple analytes from one scan of a sample, and non-destruction of the sample. The study has been conducted in our research laboratory to define the possible use of NIR.A (Near Infrared Reflectance Analysis) as an instrumental screening tool for analysing mainstream smoke collected on Cambridge Filter pads. A major advantage of this method is that it eliminates the use of dangerous chemicals such as cyanogen bromide or chloride involved with some standard assays. Using specific wavelengths, we are able to determine with acceptable accuracy water, nicotine and tar. Corre-'"Received: 17th August 1992-accepted: 19thjuly 1994. lation coefficients of NIRA results compared with those obtained by standard methods are better than 0.9 for all analyses. NIRA cannot replace ISO standard methods, flow analysis or chromatography, but as a reliable screening analysis, it could reduce the routine work load by 80%. These savings could be achieved by prescreening samples with NIR.A and analysing only suspect samples by distillation or continuous flow analysis.
ZUSAMMENFASSUNG
Nab-Infrarot-Reflektions {NIR) Spektroskopie (NIRA) , is a rapid (less than 30 seconds), nondestructive analytical technique involving a spectrometer and computerized data processing. The task of the computer is to interpret the optical data using a variety of multivariate mathematical techniques so as to produce a measurement of some constituent(s) (or component) found within the sample chemistry. NIRA technology involves multidisciplinary approaches of the analytical chemist, statistician, and computer programmer. Knowledge of optics and electronics is also essential in the advanced use of this technology. Over the years, research has demonstrated the feasibility of using Near Infrared Reflectance Spectroscopy (NIRS) for measuring many chemical components in materials coming from agriculture and the agricultural industry (1-13), but also for measuring sugar, nicotine, nitrogen, and others on tobacco samples (3, (14) (15) (16) (17) (18) (19) (20) (21) (22) . The technology can be used to essay chemical constituents in samples which are chemically complex. The general procedure consists in developing a calibration equation by means of a selected calibrating set of samples. These samples have to be analyzed with reference methods and numerical results are correlated by computer with optical data to achieve out the best calibration.
Practically, the reflectance data (/ogl/R), are collected in a raw data matrix of S rows and N columns, where S is the number of the samples examined at N ftxed wavelengths. This chemometric approach allows to get considerable chemical information from samples of varying complexity.
NIRS has been used for rapidly and reproducibly measuring the NIR spectra of smoke collected on a Cambridge filter and computing the chemical composition from the spectral data. It has four main advantages: speed, simplicity of sample presentation, multiplicity of analysis from one scan of a sample and nondestruction of the sample. In addition to the above, the main reason to develop this method was the use of toxic reagents such as cyanogen bromide or cyanogen chloride in some tobacco smoke analysis. This paper discusses the basic factors involved in calibration and instrumental changes needed to perform analysis of smoke constituents collected on Cambridge . filter with precision sufficient to justify its use. (Wet Total Particulate Matter) is the mainstream smoke deposited on a Cambridge ftlter which comes from combustion products generated when a cigarette is 'smoked' by a machine. It is generally calculated by a difference in weight and expressed as milligrams per cigarette (mglcig). (Standard Error of Prediction): between the laboratory values and the NIRA values determined in the analyses step.
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MATERIALS AND METHODS
Instruments and samples
Optical measurements were carried out by means of an INFR..AMA TIC 8620 manufactured by PERCON, a 20 filter reflectance analyzer connected to a i80286 MS-DOS personal computer (see Figure 1 ).
The standard software supplied by the PeJCon was used.
This package, a set of compiled programs, is basically divided into two parts: the first one to collect and elaborate the data in order to carry out the calibration curves, the second one to statistically process data obtained in the following analytical steps. 
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Cigarettes used in this work were produced in different factories located in Italy and abroad. The whole sample set consisted of commercially avru1able products (see Table 1 ).
In order to obtain a reference sample set incorporating all significant variations such as blend type and nicotine levels, a large number of samples was collected. The intent is to have a population which is representative of samples intended to be measured with the generated calibration curve.
Reference laboratory determinations
Cigarettes were smoked on a F1L TRONA machine, model SM-350. In this procedure, five cigarettes are smoked consecutively under carefully controlled conditions. The mainstream smoke is drawn through a special glass fibre filter (Cambridge filter) which traps the parti- 
Sample preparation and presentation
A preliminary study was needed to find the best operating condition for preparing and handing samples (24, 25) .
Standard door for powdered samples ----------------~
Optical beam
Special door
Flgure2. At first, a special aluminium presentation device was prepared as shown in Figure 2 to hold the Cambridge filter pad to avoid filter manipulation during the transfer from the smoking machine to the analytical procedure; to avoid moisture variations, the presentation device was provided with a cover. A special door was also constructed to allow direct housing of the presentation device. The filter pad was laid down on the presentation device and this was housed on the special door facing the optical window; the distance window to filter pad was constant (about 3 mm).
Samples were obtained at a smoking laboratory maintained at standard condition according to ISO 3402. The Cambridge filters used were presented to the Inframatic instrument immediately after weighing for WTPM measurement. Filters were removed from the holder without wiping the inside surface of the holder and placed in the aluminium presentation device. 
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Instrument modifications
The configuration of the standard optic of the Inframatic 8620 does not permit reading the whole Cambridge filter surface, however the WTPM produces a 38 mm diameter spot. So a modification of the optics in the way we have accomplished, allows us to read a surface area with a 38 mm diameter. Such a modification consisted essentially in removing a projection that obstructed the optical window.
RESULTS AND DISCUSSION
The choice of the best wavelengths to incorporate in the calibration was carried out with the software.
Comparison among nicotine spectrum ( Figure 3 ) and absorption data obtained from20 wavelengths (Figure 4 ) has been of great help.
Regarding the determination of the best calibration curve, the following statistical tests were used:
F-test for overall equation fitness; .++
CeNbratton OLH'¥8 of meteture. 3) multiple correlation coefficient; 4) standard error estimate; 5) standard error of prediction.
In the equations we determined, the following wavelengths (in nm) were used: The results suggest, conftrming the mathematical approach, that for each type of analysis, there is an optimal number of optical filters to use. This means that a mul· tiple linear regression model using insufficient filters or too many filters, could show good statistical parameters, but will not have good stability and reliability. In other words, such an unbalanced calibration curve could give good results only when analyzing samples very similar to those used to construct the calibration.
Another fundamental point studied, because of the large number and different type of samples that were exam· ined, was how the spectroscopic information was uti· lized by the software. Practically, we have found that a single calibration is sufficient to determine water present in its most common value range, ang a single calibration is sufficient to determine WTPM. For nicotine, the situation is more complex: the calibration made over the entire range (0.0-1.5 mg/cig) showed good statistical parameters (correlation coefficient, F·test, T-test, SEE), but did not work well enough with menthol cigarettes and the SEP (standard error of prediction) was too high with low nicotine cigarettes.
To overcome this problem we divided the data set into three parts: the first one collecting nicotine data ranging between 0.0 and 0.25 mglcigarette, the second one collecting data > 0. 25 Repeatability is measured on the same instrument and reproducibility is measured on different instruments using the same calibration cuJVe. The transferability of calibrations from one instrument to another is the essential point in the NIRA applications. Different instruments have, generally, different optical paths and different optical constants (such as filter transparency, diffused light etc.), but only variations on the CO have been obseJVed when the instrument is set with numeric constants obtained from a different instrument.
To confirm this impor:tant property, validation proofs were carried out with three different instruments of the same type and with an additional two instruments located in two different laboratories, in order to test the calibration validity with independent sets of samples.
The slope values were needed to compensate for the optical and construction characteristics among different instruments.
CONCLUSION
This paper discusses the potential application of a computerized near infrared spectrophotometer for measuring several mainstream smoke constituents collected on Cambridge fLlters. This research has, in fact, initiated an overall analysis of NIRA in order to obtain more information on statistical and operative variables normally influencing the stability and reliability of the calibration cuJVes.
Beyond the technical aspects of building calibrations, we found better results using a three steps calibration cuJVe. This is generally correct but, on the other hand, the per· formance obtained by dividing the data set, should be evaluated by recognizing that a low range calibration will probably lose something in representativeness. The general rule is that a calibration CUIVe using a variety of data, represent a lot of information and can be used in many cases with varying levels, while a more specific calibration on a narrow sample type according to the type of calibrating sample can achieve more precise results. The calibration procedure is the key to success. Statistics are needed to design the calibration, make the best choice of wavelengths, and estimate the accuracy of the calibration. This technique does not, however, replace Chemical knowledge and common sense but complements them. The most important operator task is capa· city to blend statistical techniques, chemical knowledge and common sense in the proper way. NIRA is a rapid, non-destructive method which may reduce dramatically the number of tests to be carried out for an official method. In fact, utilizing the method as a screening device, it is possible to analyze more samples for product control and reduce the exposure of the ana· lyst to potentially dangerous, toxic chemicals. 'fhe comparison table (Table 2) shows the advantages of NIRA with respect to the most common analytical methods, that is speed and simplicity. However, the calibration curves have to be carefully made and periodically checkoo.
